Introduction
Oximes and O -substituted oxime ethers are important compounds in medicinal chemistry as potent pharmacophores 1−3 and building blocks of drug scaffolds. 4, 5 They are gaining interest as antiprotozoan, 6 antibacterial, tetradecanoic acid methyl esters) (3a-3d), and O -benzyl oxime ethers (benzyloxyimino-tetradecanoic acid methyl esters) (4a-4d). These twelve novel compounds were analyzed for their structures and isomerizations (( E)/( Z) ratio) by 1 H and 13 C NMR, FT-IR, mass, and elemental analyses.
DNA binding, antibacterial, and antifungal activities were tested as biological activities in this study. DNA binding efficiency is an important criterion for imaging new anticancer agents. DNA makes up chromosomes responsible for passing genetic information to the new cells and provides information for making proteins. Mutations in DNA can lead to cell death or to cancer. Cancer is one of the major health problems in the world. Therefore, much attention has been focused on developing drugs for various types of cancer. A large percentage of chemotherapeutic anticancer drugs are compounds that interact with DNA and prevent their proper function. 29 In order to characterize DNA-targeting drugs, the noncovalent compound-DNA interaction should be studied. One way to classify whether the compound physically interacts with DNA in vitro can be performed by agarose gel electrophoresis. The antibacterial activity of these compounds was also determined against eleven bacterial and three fungal test strains. The relationship between positional isomerization-(E) /(Z) isomerization and these biological activities was discussed for these twelve original oximes, O -methyl oxime ethers, and O -benzyl oxime ethers.
Results and discussion

Chemistry
Oximes 2a-2d, O− methyl oxime ethers 3a-3d, and O -benzyl oxime ethers 4a-4d were synthesized in high yields by utilizing positional isomers of 3-, 4-, 6-, and 13-keto tetradecanoic acid methyl esters in which the keto group is at the beginning, in the middle, and at the end of the fourteen-carbon chain with respect to the methyl ester (Scheme 1). Our literature survey suggests a general isolation of (E)/( Z) mixtures of oxime ethers. Similarly, our attempts to synthesize the O -methyl and O− benzyl oxime ethers of the mentioned keto esters yielded isomeric (E) and ( Z) mixtures. Hydroxyimino derivatives, obtained with the effect of hydroxylamine hydrochloride (NH 2 OH.HCl) on keto ester, were synthesized mainly as ( E) isomer. In the literature, hydroxyimino compounds were also isolated exclusively as ( E) isomer. to high field are due to the (Z) configuration, having a steric compression shift. On the other hand, the oxime ethers with (E) configuration resonated at lower fields than the (Z) isomer.
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In the formation of (E)/(Z) isomers of the above-mentioned oximes and oxime ethers, the relative position of the keto group to the ester group is effective. There are three types of interactions: 1. The hydrogen bond between the oxime's hydrogen and the ester group, 2. The effect between oxime ether-methyl protons and the ester group, 3. The interactions between the partially positive charged carbon atom of the ester group and N and O atoms of the oxime. While these interactions lead to the molecule being held in the (Z) configuration, the number of methylene groups is also effective. As seen in Table 1 , due to the experimental results of this study, an increase in the (E) isomer ratio was seen with increasing carbon number of the methylene bridge.
The reaction of 3-keto (1a) and 4-keto (1b) tetradecanoic acid methyl esters with NH 2 OH.HCl formed a cyclic structure as seen in Scheme 2 because of the presence of a (Z) configuration, and 3-undecyl-4 Hisoxazol-5-one (2a) and 3-decyl-4,5-dihydro- [1, 2] oxazin-6-one (2b) were obtained in this way. If the positions of hydroxyimino and methyl esters were close, methanol was eliminated because of this suitable (Z) structure and more stable five-or six-membered compounds were obtained. When the keto group was in the middle (6-keto, 1c) and at the end (13-keto, 1d) of the chain, the interactions between hydroxyimino and methyl ester groups were interrupted because of the steric hindrances of the increasing methylene groups. Consequently, no methanol elimination occurred and hydroxyimino compounds were isolated in acyclic form and only as one isomer, namely as an (E) isomer. Table 1 shows that O -methylhydroxylamine hydrochloride (CH 3 ONH 2 .HCl) and O -benzylhydroxylamine hydrochloride (C 6 H 5 CH 2 ONH 2 .HCl) give the results of the reactions with keto methyl ester isomers, yielding more ( Z) isomer for 3-and 4-keto esters, a 50/50 ratio of (E)/(Z)isomers for 6-keto ester, and a very little ( Z) isomer for 13-keto. 6-Keto is a critical position with its (E)/( Z) = 50/50 ratio, since it is nearly in the middle of the chain. Both its sides are nearly equal to each other. With increasing number of methylene groups and their steric hindrance, the interaction between oxime and ester group was decreased and the (E) isomer ratio was increased. The 13-keto position, the edge position, gave (E)− rich products for O -methyl and O -benzyl ether compounds.
Biological activities
Studies of interaction with pBR322 plasmid DNA
In DNA binding analyses, the compounds and DNA mixtures were incubated for 24 h. After incubation, the mixture was loaded on to the gel and electrophoresis was carried out at 60 V for 3 h. The illuminated gel was photographed ( Figure) . Electrophoresis of untreated plasmid DNA gave two bands corresponding to supercoiled form I with strong intensity and singly nicked form II DNA with weak intensity. When the plasmid was electrophoresed after its interaction with compound 2a, significant decrease in the intensity of the bands was observed for 4 high concentrations of compound ranging from 100 to 6.25 mg/mL. In addition, electropheretic mobility of the form I band was found to be decreased sharply with the increase in the concentration of the compounds. The decrease in mobility is thought to be due to the binding of compound to DNA, thus reducing the negative charge and increasing the molecular mass. The decrease in mobility could also be due to a change in the conformation of plasmid DNA. 39 In case of all other compounds, when plasmid interacted with all other compounds synthesized, no significant change in the intensity of bands was observed. However, the electropheretic mobility of the form I band was found to be decreased slightly with the decreasing concentrations of compounds. Based on DNA-compounds interaction studies, 2a with its five-membered ring structure caused a greater change in plasmid DNA than the other compounds. 2b with a six ring was not enough active. The other oximes and oxime ethers with open chain configuration had no activity. This result showed that a suitable ring system is necessary for tested DNA cleavage in this work as a key-lock model.
The antibacterial and antifungal activities of the compounds
The antibacterial activity of the compounds was determined against eleven bacterial and three fungal test strains. The concentrations of the compounds were 10 mg/mL. The antibacterial activity of the compounds is given in Table 2 . According to these results, the oxime derivatives were more active than the oxime ethers. Three criteria were effective for this antibacterial activity. The β -position of the β -ketoxime methyl ester 2a was important. The β -ketoxime methyl ester 2a was obtained only in a five-membered cyclic form. The five ring system was more effective. The second criterion was the free hydroxy group of the oximes. Its (E) /( Z) isomerization also induces this antibacterial effect as a third criterion. Acyclic ketoxime methyl esters with (E) configuration showed antibacterial activity, but the 6-ketoxime isomer 2c with more steric hindrance was less active than the 13-ketoxime isomer 2d. The O -substituted oxime ethers were not antibacterially active.
Their ( E)/( Z) isomerizations were important here. The O -substituted oxime ether isomers with 3-, 4-, 6-positions were obtained nearly in a (E)/(Z)= 50/50 ratio; therefore they were inactive. However, the 13-benzyloxyimino-tetradecanoic acid methyl ester 4d with ( E) /( Z)= 70/30 ratio was active due to its greater (E) isomer content, less steric hindrance, and containing a phenyl ether group, as seen in Table 2 . Compounds 2a and 2d showed the highest antibacterial activity of all the compounds against Bacillus subtilis ATCC 6633 and Bacillus cereus NRRL B-3711 with an inhibition zone diameter of 18 mm. Otherwise, compounds 3a, 3b, 3c, 3d, 4a, 4b, and 4c used in this study exhibited no antibacterial activity against any strains.
In conclusion, this study involved the synthesis of twelve novel positional oximes and O -substituted oxime ether derivatives. Investigation of the DNA binding, antibacterial, and antifungal activities of these compounds showed that positional isomerism and stereoisomerism ((E) /( Z) ratio) affected their biological activities. The best DNA cleavage was found for compound 2a, which has a five-membered heterocyclic structure. Compound 2a showed good antibacterial activity against five types of bacteria. Its ring structure was effective. The oxime 2d of 100% ( E) structure was more effective than 2b and 2c. Compounds 2b, 2c, 2d, and 4d can serve as potential antibacterial agents. 2a had the best DNA binding, antibacterial, and antifungal activities. Therefore, 2a can be a pro-drug as an anticancer, antibacterial, and antifungal agent.
Experimental
All reagents were obtained from commercial suppliers unless otherwise stated. Hydroxylamine hydrochloride, O -methylhydroxylamine hydrochloride, and O -benzylhydroxylamine hydrochloride were purchased from SigmaAldrich. From the keto tetradecanoic acid methyl ester isomers used as starting materials in the oxime and oxime ether synthesis 3-and 13-keto esters were synthesized by acetoacetester, 40, 41 and 4-and 6-keto esters by
Blaise reactions, 42 respectively. The reactions were monitored by TLC using silica gel plates and the products were purified by flash column chromatography on silica gel (Merck; 230-400 mesh) with n-hexane-ethyl acetate. NMR spectra were recorded at 500 MHz for 1 H and at 125 MHz for 13 C using Me 4 Si as the internal standard in CDCl 3 . GC-MS were recorded on Shimadzu/QP2010 Plus. IR spectra were recorded on a Mattson 1000. Melting points were determined with a Buchi melting point B-540. Chemical yields refer to pure isolated substances.
General procedure A: preparation of oxime esters
43,44
Keto ester (1.0 eq.) 1a-d was dissolved in EtOH. Hydroxylamine hydrochloride (2.0 eq.) was added and the reaction mixture was stirred overnight. The reaction was diluted with saturated NH 4 Cl and extracted with ethyl acetate. The combined organic layers were washed with water and brine, and dried over Na 2 SO 4 . The solvent was evaporated. The crude product was purified by column chromatography (silica gel, n-hexane-ethyl acetate = 7:3) to yield oxime 2a-d.
3-Undecyl-4H -isoxazol-5-one (2a)
The title compound 2a was synthesized according to the general procedure A. Hydroxylamine hydrochloride (0.277 g, 4.0 mmol) was treated with 3-keto tetradecanoic acid methyl ester (0.512 g, 2.0 mmol 
3-Decyl-4,5-dihydro-[1,2]oxazin-6-one (2b)
The title compound 2b was synthesized according to the general procedure A. Hydroxylamine hydrochloride (0.277 g, 4.0 mmol) was treated with 4-keto tetradecanoic acid methyl ester (0.512 g, 2.0 mmol 
6-Hydroxyimino-tetradecanoic acid methyl ester (2c)
The title compound 2c was synthesized according to the general procedure A. Hydroxylamine hydrochloride (0.277 g, 4.0 mmol) was treated with 6-keto tetradecanoic acid methyl ester (0.512 g, 2.0 mmol 
13-Hydroxyimino-tetradecanoic acid methyl ester (2d)
The title compound 2d was synthesized according to the general procedure A. Hydroxylamine hydrochloride (0.277 g, 4.0 mmol) was treated with 13-keto tetradecanoic acid methyl ester (0.512 g, 2.0 mmol 
General procedure B: preparation of O-methyl and O-benzyl oximino esters
45
To a solution of keto ester (1.0 eq.) 1a-d in pyridine was added a solution of alkoxyamine hydrochloride (1.1 eq.) in pyridine at room temperature. The resulting solution was stirred for 6-12 h. After the consumption of the starting material, the reaction mixture was diluted with water, and then extracted with ethyl acetate. The organic phase was combined, dried over anhydydrous Na 2 SO 4 , filtered, and the filtrate concentrated under reduced pressure to give the crude product. The residue was purified by column chromatography on silica gel (n-hexane-ethyl acetate = 7:3) to give the desired products 3a-d and 4a-d.
3-Methoxyimino-tetradecanoic acid methyl ester (3a)
The title compound 3a was synthesized according to the general procedure B. O -methylhydroxylamine hydrochloride (0.183 g, 2.2 mmol) was treated with 3-keto tetradecanoic acid methyl ester (0.512 g, 2.0 mmol). 
3a was isolated as a colorless oil (( E)/( Z) = 35/65
4-Methoxyimino-tetradecanoic acid methyl ester (3b)
The title compound 3b was synthesized according to the general procedure B. O -methylhydroxylamine hydrochloride (0.183 g, 2.2 mmol) was treated with 4-keto tetradecanoic acid methyl ester (0.512 g, 2.0 mmol).
3b was isolated as a colorless oil ((E)/( Z) = 48/52 
6-Methoxyimino-tetradecanoic acid methyl ester (3c)
The title compound 3c was synthesized according to the general procedure B. O -methylhydroxylamine hydrochloride (0.183 g, 2.2 mmol) was treated with 6-keto tetradecanoic acid methyl ester (0.512 g, 2.0 mmol).
3c was isolated as a colorless oil ((E)/( Z) = 50/50 
13-Methoxyimino-tetradecanoic acid methyl ester (3d)
The title compound 3d was synthesized according to the general procedure B. O -methylhydroxylamine hydrochloride (0.183 g, 2.2 mmol) was treated with 13-keto tetradecanoic acid methyl ester (0.512 g, 2.0 mmol).
3d was isolated as a colorless oil ((E)/( Z) = 75/25 
3-Benzyloxyimino-tetradecanoic acid methyl ester (4a)
The title compound 4a was synthesized according to the general procedure B. O -Benzylhydroxylamine hydrochloride (0.351 g, 2.2 mmol) was treated with 3-keto tetradecanoic acid methyl ester (0.512 g, 2.0 mmol).
4a was isolated as a colorless oil ((E)/(Z) = 32/68 
Studies of interaction with pBR322 plasmid DNA
The interaction of compounds with plasmid DNA was studied by agarose gel electrophoresis. Stock solutions of the compounds were prepared and used within 1 h. Then decreasing concentrations of the compounds ranging from 100 to 6.25 mg/mL were incubated with plasmid DNA in the dark at 37
• C for 24 h. The aliquots of the DNA/compound mixtures were mixed with the loading buffer (0.1% bromophenol blue, 0.1% sucrose) and loaded onto 1% agarose gel. Electrophoresis was carried out under TAE buffer (0.05 M Tris base, 0.05 M glacial acetic acid, and 1 mM EDTA, pH 8.0) for 3 h at 70 V. The gel was stained with ethidium bromide (0.5 µ g/mL), visualized under UV light using a transilluminator (BioDoc Analyzer, Biometra), and the image was captured with a video camera as a TIFF file. The experiments were repeated three times.
Antibacterial and antifungal activities
The antibacterial activities of all the compounds were assessed against the bacterial strains Hinton agar (for bacterial strains) and Sabouraud dextrose agar (for fungal strains) were mixed with 1% culture suspension and poured into plates. Wells with a 6.0 mm diameter were prepared and the solution of the 10 mg/mL compound (50 µ L) was added to the well. After incubation, the diameter of the inhibition zone was measured in millimeters. All the experiments were repeated three times, and the mean values are presented.
